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Abstract 


A study on the patterns of richness, diversity and abundance of the Odonata from Santiago 
Dominguillo, Oaxaca is presented here. A total of 1601 specimens from six families, 26 
genera and 50 species were obtained through monthly samplings of five days each. 
Libellulidae was the most diverse family (21 species), followed by Coenagrionidae (19), 
Gomphidae (4) and Calopterygidae (3). The Lestidae, Platystictidae and Aeshnidae 
families were the less diverse, with only one species each. Argia was the most speciose 
genus with 11 species, followed by Enallagma, Hetaerina, Erythrodiplax and Macrothemis 
with three species each and Phyllogomphoides, Brechmorhoga, Dythemis, Erythemis and 
Orthemis with two species each. The remaining 17 genera had one species each. Argia 
pipila Calvert, 1907 and Leptobasis vacillans Hagen in Selys, 1877 were recorded for the 
first time for the state of Oaxaca. We also analysed the temporal patterns of taxonomic and 
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phylogenetic divergence for the Santiago Dominguillo Odonata assemblage: the Shannon 
diversity value throughout the year was 21.07 effective species, while the Simpson 
diversity was 13.17. In general, the monthly phylogenetic divergence was higher than 
expected for taxonomic distinctness, and lesser for average taxonomic distinctness. 
Monthly diversity, evenness and taxonomic divergence showed significant positive 
correlations (from moderate to strong) with monthly precipitation values. The analysis of 
our results, however, indicates that an increase in rainfall not only influences the temporal 
diversity of species, but also the identity of supraspecific taxa that constitute those 
temporal assemblages, i.e. there is an increase in temporal phylogenetic divergence. 
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Introduction 


Tropical forests are the most important reservoirs of terrestrial biodiversity around the 
world. Despite there being many studies in these ecosystems,most of them focus on 
tropical wet forests (TWF), with less attention to the tropical dry forests (Mooney et al. 
1995). Tropical dry forests (abbreviated herein as TDF) are seasonal ecosystems in which 
precipitation occurs only during a portion of the year and the decrease in rainfall causes 
changes in the patterns of greenish/senescence of the forest, resulting in a reduction of 
productivity and availability of resources for animals and, consequently, in the biological 
activity in the forest during the dry season (Martinez-Hernandez et al. 2019). TDF are the 
tropical community with the greatest extension in Mexico, stretching along the Pacific coast 
from Sonora south to Chiapas in the Mexico-Guatemala border, with some intrusions in 
Central Mexico, northern Veracruz and the Yucatan Peninsula (Burquez and Martnez- 
Yrizar 2010, Trejo 2010). The relevance of the TDF has been recognised by many authors 
as very rich ecosystems with an abundance of endemic animal and plant species, which 
are, however, at great risk due to deforestation and human activities (e.g. cattle ranching 
and agriculture, particularly in Mesoamerica, (Banda 2016, Miles et al. 2006, Sanchez- 
Azofeifa et al. 2005). Therefore, documenting the biodiversity of the TDF is an urgent task 
for the proper management and conservation of this ecosystem. 


Seasonal fluctuations of richness and abundance of insects inhabiting tropical forests has 
been documented elsewhere (e.g. Kannagi et al. 2016, Kishimoto-Yamada and Itioka 
2015, Wolda 1988). In Mexico, it has been monitored in some detail at localities such as 
the Chamela-Cuixmala Biosphere Reserve in Jalisco State (Garcia-Aldrete and Ayala- 
Barajas 2004), but such studies are scarce for other sites. With the aim of filling this gap, in 
1997, a group of entomologists from the Institute of Biology of the National Autonomous 
University of Mexico (UNAM) started a long-term project to document the richness and 
distributional patterns of selected groups of insects associated with the TDF in Mexico. 
Most of the localities studied are distributed along the Pacific slope from Sonora to 
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Oaxaca, with a few studies in south-central Mexico (e.g. Gonzalez-Soriano et al. 2008, 
Gonzalez-Soriano et al. 2009, Noguera et al. 2002, Noguera et al. 2007, Noguera et al. 
2009, Noguera-Martinez et al. 2012, Noguera et al. 201 7Zaragoza-Caballero et al. 2003). 


Odonata was included in that project as a “test group”, with the aim of comparing if their 
local assemblages vary in a similar way as those exhibited by other insect groups that are 
more directly associated with plants (e.g. Cerambycidae, Lampyridae, Syrphidae and 
Apidae). Dragonflies are predaceous insects that do not depend directly on plants from a 
trophic point of view, but forests can provide certain requirements for the adults, such as 
optimal microclimates for effective thermoregulation, conditions for an optimal foraging and 
a provision for nocturnal roosting or daytime shelter from both inclement weather and 
predators (Corbet 1999, Corbet et al. 2006, Paulson 2006). Vegetation can also be used as 
mating areas and feeding perches (Buchwald 1992). 


To date, only a few studies documenting the patterns of diversity and abundance of 
Odonata have been done in the Mexican TDF: one at the Chamela Biosphere Reserve in 
Jalisco (Gonzalez-Soriano et al. 2004) and another two at the Sierra de Huautla in Morelos 
and the Sierra de San Javier in Sonora (Gonzalez-Soriano et al. 2009, Gonzalez-Soriano 
et al. 2008). Additionally, Novelo-Gutierrez & Gomez-Anaya (Novelo-Gutiérrez and Gomez- 
Anaya 2008) included a couple of sites with TDF (Pinolapa and Aguililla) in their study on 
the altitudinal distribution of Odonata assemblages in the Sierra de Coalcoman in 
Michoacan. 


We are presenting here the results of a study on the patterns of richness, diversity and 
abundance of an Odonata assemblage in Santiago Dominguillo, Oaxaca, Mexico, which 
was originally carried out between November 1997 and October 1998. 


Material and methods 


The study area was the vicinity of the town of Santiago Dominguillo (referred to herein as 
Dominguillo), in the north-eastern part of the State of Oaxaca (17.6484, -96.91117, 760 m 
a.s.l.), south of the Tehuacan-Cuicatlan Biosphere Reserve. The area belongs to what is 
known as the Floristic Province of the Tehuacan-Cuicatlan Valley, which is considered part 
of the xerophytic Mexican region (Rzedowski 1991). 


The climate is semi-warm type according to the K6ppen climate classification modified by 
Garcia (Garcia 1988). Average annual precipitation is 521.5 mm and air temperature is 
25.2°C (Jaramillo-Luque and Gonzalez-Medrano 1983). The dominant vegetation in the 
area is TDF and Lysiloma divaricatum (Jacq.), Bursera aptera Ramirez, B. morelensis 
Ramirez, B. schlechtendalii Engl, Cyrtocarpa procera Kunth, Pachycereus weberi (J.M. 
Coult.) Backeb, Escontria chiotilla (F.A.C.Weber ex K.Schum.) Rose and Ceiba parvifolia 
Rose (Jaramillo-Luque and Gonzalez-Medrano 1983, Ochoa 2001) are the dominant trees. 
Gallery forest is also present along rivers, with trees as tall as those found in contiguous 
TDF. Some of the flat areas in the region have been converted into pasture lands and 
mango plantations. 


4 Gonzalez-Soriano E et al 


The area belongs to the hydrological region No. 28, which corresponds to the Papaloapan 
basin, a river draining into the Gulf of Mexico and the site corresponds to the Rio Grande 
sub-basin, which enters the Tehuacan-Cuicatlan Reserve from the south. 


Sampling methods and regimes. Most samplings were done around the Rio Las Vueltas 
(also known as Rio de las Vueltas) and other minor tributaries around the Cuicatlan- 
Dominguillo vicinity, including the towns of Santiago Dominguillo (N 17.6484, W -96.91117) 
and San Pedrito Chicozapote (N 17.77218, W -96.9445), with an occasional collection also 
in Rio Grande, Presa Derivadora Matambo (N 17.6484, W -96.9117). Fieldwork was 
carried out monthly from November 1997 to October 1998. Samplings were done for five 
days every month, from 09:00 to 15:00 h (10:00 to 16:00 h during daylight savings time). 


Diversity analysis. We analysed the diversity of the Odonata assemblage of Santiago 
Dominguillo and its temporal pattern. The assemblage structure was analysed through the 
abundance (number of individuals), richness (number of species observed, °D), Shannon 
diversity (exponential of Shannon Index, 'D) and Simpson diversity (inverse of Simpson 
Index, 7D) (Chao et al. 2014Jost 2006). The unit of measurement for °D and 'D is the 
number of effective species or Hill numbers: 'D indicates the effective number of species 
equally abundant within an assemblage or community, while 2D is the effective number of 
the most abundant or dominant species equally abundant. These metrics are mere 
modifications of the indices used in previous works to analyse diversity (e.g. Gonzalez- 
Soriano et al. 2008) and we used them in order to obtain direct measures of diversity that 
can be interpreted from a biological perspective (number of effective species instead of bits 
or nats) (Cultid-Medina and Escobar 2019). 


The maximum expected richness value of diversity was estimated by non-parametric 
abundance, based Chao 1-bias corrected estimator (Chao 2005), as well as the expected 
diversity for 'D and 2D using the estimators proposed by Magurran (Magurran 1988) and 
Chao et al. (Chao et al. 2013). All these calculations were done using the Spade R 
package (Chao et al. 2015). We also used the iNext package (Hsieh et al. 2016) to obtain 
the cumulative species curve for the whole Odonata assemblage from the Dominguillo 
Region, through the interpolation-extrapolation method proposed by Chao et al. (Chao et 
al. 2014). 


To evaluate temporal diversity patterns for the Dominguillo Odonata assemblage, we 
performed the same diversity metrics described above (abundance, °D, 'D and 2D), based 
on the monthly information occurrence of collected odonates. Additionally, we evaluated 
the monthly phylogenetic divergence using the taxonomic distinctness (A*) and average 
taxonomic distinctness (A+) indices based on the abundance and incidence of the species, 
respectively (Clarke and Warwick 1998, Clarke and Warwick 1999, Clarke and Warwick 
2001Warwick and Clarke 1995), which were calculated using the taxondive and taxa2dist 
functions of the Vegan R package (Oksanen et al. 2015). These measurements indicate 
that the higher value of A* and/or A+, the greater phylogenetic distance amongst 
individuals (A*) and species (A+) within an assemblage. 
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The taxonomic distinct is a measure to evaluate the phylogenetic divergence within the 
communities or assemblages according to the topology of their taxonomic hierarchy and it 
analyses the pattern of the phylogenetic relationships amongst taxa obtained from a 
sample or a complete assemblage, i.e. how closely related the species are or how evenly 
distributed are their evolutionary paths through the taxonomic hierarchy (Clarke and 
Warwick 1998, Clarke and Warwick 2001). Here, we included the Odonata taxonomic 
hierarchy: order, superfamily, subfamily, tribe, genus and species. The supraspecific 
taxonomic arrangement was based on Carle et al. 2015, Davies and Tobin 1985, Dijkstra et 
al. 2014. 


To evaluate if the Dominguillo odonate diversity is affected by or related to abiotic factors, 
Pearson’s correlation analyses were done between the monthly species diversity 
(abundance, °D, 'D and 2D), the monthly phylogenetic diversity (A*, A+) and the average 
rainfall and temperature recorded in Dominguillo during the sampling time. All the analyses 
were done using Past software (Hammer et al. 2001). We also generated a heatmap with 
gplots v. 3.0.4 package of R (Warnes et al. 2012) in order to display the presence and 
abundance that each species exhibited monthly. 


Figure 1. EES] 


Odonata from Dominguillo, Oaxaca, some examples: A. Archilestes grandis male (Lestidae); 
B. Hetaerina americana female (Calopterygidae); C. Argia oculata in tandem 

(Coenagrionidae); D. Argia pulla male (Coenagrionidae); EE. Dythemis_ sterilis male 
(Libellulidae), F. Erythrodiplax umbrata female (Libellulidae), G. Macrothemis pseudimitans 
male (Libellulidae); H. Pseudoleon superbus male (Libellulidae). Pictures of Enrique Gonzalez 
(A, D) and Enrique Ramirez (B, C, E, F, G, H). 
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Monthly diversity and phylogenetic divergence analyses allowed us to evaluate how the 
species diversity and the taxonomic assemblage structure were related to monthly 
changes of temperature and humidity. In other words, those analyses allowed us to 
evaluate how the abiotic factors can be associated with the temporal structure of the 
Odonata community of the TDF. 


For the phenological analyses, we considered the period from June-July to September as 
the rainy season and October to May-June as the dry season. This categorisation was 
based in the occurrence of individual events of rainfall higher than 15 mm, since events 
with lower rainfall are intercepted by the canopy (Cervantes 1988). Rainfall values 
correspond to the climatological norms of the Mexican National Meteorological Service and 
were obtained from the nearest climatological station of Dominguillo, Oaxaca (CONAGUA 
(Comision Nacional del Agua) 2020). 


All the material collected was deposited at the CNIN (Coleccion Nacional de Insectos del 
Instituto de Biologia), UNAM, Mexico City. 


Results 


List of Odonata species registered from Santiago Dominguillo, Oaxaca, Mexico, including 
phenology data and number of individuals collected (in parenthesis). Additional information 
in Suppl. materials 1, 2 and photographs of some species in Fig. 1. 


Lestidae 

Archilestes grandis (Rambur, 1842). Jun (1). (Fig. 1) 
Platystictidae 

Palaemnema domina Calvert, 1903. Jun (13), Jul (2), Aug (6). 
Calopterygidae 


Hetaerina americana (Fabricius, 1798). Nov (41), Jan (23), Mar (30), Apr (11), May (23), 
Jun (6), Jul (7), Aug (3), Sep (24), Oct (4). (Fig. 1). 


Hetaerina occisa Hagen in Selys, 1853. May (1). 


Hetaerina cruentata (Rambur, 1842). Jan (2), Mar (11), Apr (7), May (1), Jun (2), Jul (6), 
Aug (7), Sep (7), Oct (5). 


Coenagrionidae 
Apanisagrion lais (Brauer in Selys, 1876). Jul (1). 


Acanthagrion quadratum Selys, 1876. Jan (1), Apr (4), May (9), Jun (6), Jul (2), Sep (2). 
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Argia anceps Garrison, 1996. Nov (8), Jan (9), Mar (14), Apr (7), May (17), Jun (4), Jul (7), 
Aug (8), Sep (19), Oct (6). 


Argia extranea (Hagen, 1861). Nov (2), Jan (2), Mar (10), Apr (2), May (6), Jun (4), Jul (4), 
Aug (3), Sep (21), Oct (4). 


Argia funcki (Selys, 1854). May (1), Jun (1), Jul (2), Aug (1). 


Argia harknessi Calvert, 1899. Jan (1), Mar (5), Apr (1), May (1), Jun (3), Jul (2), Aug (2), 
Sep (4). 


Argia immunda (Hagen, 1861). Nov (31), Jan (6), Feb (3), Mar (19), Apr (7), May (7), Jun 
(2), Jul (4), Aug (2), Sep (2), Oct (4). 


Argia oculata Hagen in Selys, 1865. Jan (3), Mar (1), Apr (8), May (7), Jun (1), Jul (5), Aug 
(2), Sep (14), Oct (3). (Fig. 1). 


Argia oenea Hagen in Selys, 1865. Nov (21), Jan (6), Feb (3), Mar (14), Apr (25), May (28), 
Jun (6), Jul (4), Aug (4), Sep (7), Oct (6). 


Argia pallens Calvert, 1902. Nov (6), Jan (8), Mar (8), May (2), Jun (2), Jul (1), Aug (1), Oct 
(4). 


Argia pipila Calvert, 1907. Aug (1). 


Argia pulla Hagen in Selys, 1865. Nov (42), Jan (21), Feb (5), Mar (45), Apr (54), May (85), 
Jun (19), Jul (9), Aug (6), Sep (20), Oct (5). (Fig. 1). 


Argia tezpi Calvert, 1902. Nov (6), Jan (8), Feb (7), Mar (29), Apr (15), May (28), Jun (9), 
Jul (1), Aug (2), Sep (5), Oct (2). 


Enallagma novaehispaniae Calvert, 1907. Nov (2), Jan (1), Mar (4), Jun (5). 
Enallagma praevarum (Hagen, 1861). Nov (6), Jan (11), Feb (2), Mar (5). 
Enallagma semicirculare Selys, 1876. Mar (1). 

Ischnura denticollis (Burmeister, 1839). Jan (1). 

Leptobasis vacillans Hagen in Selys, 1877. Apr (1) 


Telebasis salva Hagen in Selys, 1877. Nov (4), Jan (4), Feb (1), Mar (6), Apr (3), May (3), 
Jun (4), Aug (7). 


Aeshnidae 


Anax walsinghami McLachlan, 1883. Nov (1). 
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Gomphidae 

Erpetogomphus elaps Selys, 1858. Nov (4), Jun (4), Jul (8), Aug (6), Sep (8), Oct (7). 
Phyllogomphoides danieli Gonzalez & Novelo, 1990. Jun (3), Jul (9), Aug (2). 
Phyllogompoides suasus (Selys, 1859). Aug (3), Oct (2). 

Progomphus clendoni Calvert, 1905. Jun (1), Jul (4). 

Libellulidae 

Brechmorhoga mendax (Hagen, 1861). Nov (1). 


Brechmorhoga praecox (Hagen,1861). Nov (2), Mar (2), May (5), Jun (8), Jul (9), Aug (7), 
Sep (4), Oct (1). 


Dythemis nigrescens Calvert, 1899. Mar (1), Jun (4), Jul (4), Aug (2). 


Dythemis sterilis Hagen, 1861. Nov (7), Jan (5), Mar (8), Apr (2), May (6), Jun (15), Jul (7), 
Aug (1), Sep (2), Oct (1). (Fig.1e) 


Erythemis plebeja (Burmeister, 1839). Jun (1). 
Erythemis vesiculosa (Fabricius, 1773). May (2), Jun (1). 
Erythrodiplax funerea (Hagen, 1861). Apr (1), May (2), Jun (2). 


Erythrodiplax fusca (Rambur, 1842). Nov (12), Jan (4), Feb (3), Mar (8), Apr (4), May (5), 
Jun (8), Jul (2), Aug (6). 


Erythrodiplax umbrata (Linnaeus, 1758). Apr (1). (Fig. 1) 


Libellula croceipennis Selys, 1868. Nov (1), Apr (1), Jun (4), Jul (7), Aug (5), Sep (1), Oct 
(3). 


Macrothemis hemichlora (Burmeister, 1839). Nov (1), Apr (2), May (5), Jun (7), Aug (3), 
Sep (1). 


Macrothemis inacuta Calvert, 1898. Jun (6), Jul (3). 


Macrothemis pseudimitans Calvert, 1898. Nov (4), Jan (5), Feb (1), Mar (6), May (1), Jun 
(9), Jul (6), Aug (3), Oct (3). (Fig. 1) 


Miathyria marcella (Selys in Sagra, 1857). Jun (3). 
Orthemis discolor (Burmeister, 1839). Jan (1), Mar (2), May (2), Jul (1), Sep (4), Oct (2). 
Orthemis ferruginea (Fabricius, 1775). Nov (5), Jan (2), Apr (1), Jun (1), Oct (3). 


Paltothemis lineatipes Karsch, 1890. Nov (1), May (1), Jul (3), Aug (1), Oct (1). 
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Pantala flavescens (Fabricius, 1798). Nov (1), Aug (1), Oct (1). 
Perithemis mooma Kirby, 1889. Mar (1), Jul (3), Aug (2). 


Pseudoleon superbus (Hagen, 1861). Nov (1), Mar (1), May (1), Jun (2), Jul (2), Aug (3), 
Oct (1). (Fig. 1) 


Tramea onusta Hagen, 1861. Nov (2). 
Analysis 


Species richness, abundance and diversity 


A total of 1601 specimens from six families, 26 genera and 50 species were collected. 
Those values represent 50% of the families, 44% of the genera and 31% of the total 
species previously recorded for the State of Oaxaca (Gonzalez-Soriano and Novelo- 
Gutiérrez 2014). Libellulidae and Coenagrionidae were the families with the highest 
number of species, 21 and 17, respectively, followed by Gomphidae with four, 
Calopterygidae with three and Lestidae, Platystictidae and Aeshnidae with only one 
species each (see Table 1). Regarding the number of genera, Libellulidae had the highest 
number with 13, followed by Coenagrionidae with seven, Gomphidae with three and 
Lestidae, Calopterygidae, Platystictidae and Aeshnidae with only one genus each. The 
most speciose genus was Argia, with 11 species, followed by Enallagma, Hetaerina, 
Erythrodiplax and  Macrothemis with three species each, Phyllogomphoides, 
Brechmorhoga, Dythemis, Erythemis and Orthemis with two species each and the rest of 
the 17 genera with only one species each. Argia pipila Calvert, 1907 and Leptobasis 
vacillans Hagen in Selys, 1877 were recorded for the first time in the State of Oaxaca 
(Gonzalez-Soriano and Novelo-Gutierrez 2007, Gonzalez-Soriano, unpublished data). 


Table 1. 

Species richness by family from the State of Oaxaca and Santiago Dominguillo; in parentheses, the 
proportion of Dominguillo species in relation to Oaxaca diversity, based on Gonzalez-Soriano and 
Novelo-Gutiérrez 2014 and Gonzalez-Soriano, unpublished data. 


Families Dominguillo Oaxaca 
Lestidae 1 (14.3) 7 
Calopterygidae 3 (37.5) 8 
Coenagrionidae 19 (35.2) 54 
Platystictidae 1 (20) 5 
Aeshnidae 1 (12.5) 8 
Gomphidae 4 (21) 19 


Libellulidae 21 (39.6) 53 
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Species abundance was very heterogeneous. A few species were very abundant, while 
most were represented by one or few individuals (see Fig. 2). Argia pulla Hagen in Selys, 
1865 was the most abundant species (311 individuals), followed by Hetaerina americana 
Fabricius, 1798 (172), Argia oenea Hagen in Selys, 1865 (124), Argia tezpi Calvert, 1902 
(112) and Argia anceps Garrison, 1996 (99). Those five species represented 51% of the 
total abundance of the assemblage (818 individuals) and Argia, in particular, contributed 
the highest number of individuals (646). No anisopteran had more than 100 individuals, 
with Dythemis sterilis Hagen, 1861 being the most abundant, with 54 individuals. In 
contrast, 11 species were represented by only one individual, contributing only 0.68% of 
the total abundance (Fig. 2). 
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Rank-abundance distribution curve of Odonata species recorded in Santiago Dominguillo, 
Oaxaca, during 1997-1998. 


The expected richness for the whole assemblage was between 83.26% (60.05 species) 
and 64.5% (77.48 species) versus the richness of 50 observed species, calculated through 
the interpolation-extrapolation method and the Chaot1-bias_ corrected estimator, 
respectively (Fig. 3). 


Our estimations indicated that more sampling efforts in Dominguillo are necessary in order 
to obtain more species, although, based on the collector experience of one of us (EGS), 
we suggest that the more probable scenario to be expected might be the one calculated 
through the interpolation-extrapolation method. 


On the other hand, the value for Shannon diversity ('D) throughout the year was 21.07 
effective species and 13.17 for the Simpson diversity or evenness (2D), while the estimated 
values of effective species for those same metrics were 21.64 and 13.27, respectively (Fig. 
4). 
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Figure 3. EES 


Species accumulation curve (interpolation-extrapolation) for the Dominguillo Odonata 
assemblage, based on species abundance. °D is the expected number of species according 
to this curve. 
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Figure 4. EESl 


Monthly values for abundance, diversity and taxonomic distinctness (phylogenetic divergence) 
of the Odonata from Dominguillo and their relation with monthly average precipitation and 
temperature. Shannon diversity (r= 0.721, P = 0.012), Simpson diversity (r = 0.750, P = 
0.008), taxonomic distinctness (r= 0.684, P = 0.020) and average taxonomic distinctness (r= 
0.639, P = 0.034) were significant and positively correlated with the average monthly 
precipitation. Scales added in the November axis correspond to precipitation, abundance and 
phylogenetic diversity variables; scales added in the June axis correspond to temperature, 
species richness, Shannon and Simpson diversities. 
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Phenology 


Despite Dominguillo’s ecosystem seasonality, Odonata richness and abundance did not 
show a pattern of seasonality, as has been observed in other insect groups. 


The highest values of abundance were recorded during the dry season, in March and May, 
while February was the month with the lowest abundance, followed by October (Fig. 4). It 
is important to note here that the peaks of abundance in March and May were mainly 
caused by a few species (Fig. 4). A total of 23 species were recorded in March, but of 
those, Argia pulla (45 individuals), Hetaerina americana (30 individuals) and A. tezpi (28 
individuals) made up 45% of all the individuals registered in that month; 25 species were 
recorded in May, of which Argia pulla (85 individuals), A. tezpi, A. oenea (28 individuals 
each) and H. americana (23 individuals) made up 66% of the individuals collected that 
month. In fact, the monthly pattern of high dominance — with just a few species being 
highly abundant and most species being very scarce — was more evident in the dry 
season than in the rainy season, as was shown through 2D (Figs 4, 5). 
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Figure 5. EE 


Heatmap displaying the variation in monthly abundance of adult flying Odonata from 
Dominguillo, Oaxaca. 


The highest richness (°D) was recorded early in the rainy season, during June, July and 
August (34, 29 and 29, respectively), but in September — still during the rainy season — a 
low species richness was also recorded (Fig. 4). The lowest value was recorded in 
February, during the dry season, followed by September (Fig. 4). The 'D diversity changed 
every month: the lowest value was recorded in May (6.69 effective species) and the 
highest from June (25.38) to August (23.79), coinciding with the rainy season (Table 2). On 
the other hand, diversity 7D showed the lowest value in February (5.84) and the highest in 
July (21.85) (Fig. 4Table 2). Evenness amongst dominant species was also higher during 
the rainy season than the dry season. Aside from that, the monthly phylogenetic diversity, 
measured through taxonomic distinctness index (A*), was higher than expected (67.59) for 
all months, except February to May, i.e. the main part of the dry season. In contrast, the 
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average taxonomic distinctness (A*) for each month was less than that expected in all 
cases (see Table 2). 


Table 2. 


Monthly diversity of the Odonata of Dominguillo, plus expected values of taxonomic distinctness (*). 


Sampling Abundance Species Shannon Simpson diversity Phylogenetic 
months richness (°D) diversity (D) (7D) divergence 

Obs Est Obs Est Obs Est A* A* 
Nov 212 25 31.10 12.38 13.39 8.47 8.78 75.50 81.48 
Jan 124 21 25.13 13.87 15.44 10.39 11.25 72.60 73.22 
Feb 25 8 9.92 6.69 8.17 5.84 7.32 55.68 69.58 
Mar 236 23 29.22 14.09 15.04 10.50 10.95 65.96 76.70 
Apr 153 20 25.96 9.59 10.47 5.93 6.12 55.64 77.30 
May 246 25 31.10 10.60 11.33 6.22 6.35 59.19 77.48 
Jun 168 35 41.36 25.38 28.98 19.96 22.52 82.57 83.65 
Jul 124 29 29.74 24.53 27.67 21.85 26.14 84.78 82.44 
Aug 100 29 31.55 23.79 28.19 20.66 25.78 85.47 81.40 
Sep 145 17 17.66 11.64 12.38 9.46 10.05 67.88 77.22 
Oct 68 21 25.11 17.91 21.80 16.06 20.71 78.25 81.17 
Total 1601 50 77.48 21.07 21.64 13.17 13.27 67.59? 84.639 


Adult activity was very heterogeneous: eigth species flew as adults from 10-11 months, 10 
species from 7-9 and 4-6 and 22 species from 1-3 months. Only four species out of the 
total flew during the entire period (11 months) and opposite to that, 13 species were rare 
and flew only during one month. The species that flew all year long belong to the Argia 
genus and, with the exception of Argia funcki Selys, 1854 and Argia pipila Calvert, 1907, 
which were recorded flying for only 1 and 4 months, respectively, the rest of the species of 
this genus (4) were recorded flying from 8 to 10 months (see Fig. 5). 


Seasonally, 33 species were active in both the rainy and the dry seasons, nine only during 
the rainy season and eigth only during the dry season. Regarding abundance, 537 
individuals were collected in the rainy season and 1066 during the dry season. 


Relationships between species diversity and phylogenetic divergence with 
abiotic factors 


In our study, the Pearson’s correlation showed that only the Shannon diversity (r= 0.721, P 
= 0.012), the Simpson diversity (r = 0.750, P = 0.008), the taxonomic distinctness (r= 
0.684, P = 0.020) and the average taxonomic distinctness (r = 0.639, P = 0.034) were 
significant and positively correlated with the average monthly precipitation. In other words, 
as rainfall begins to increase, the diversity and evenness also increase, as well as the 
phylogenetic divergence (taxonomic relationship between species) of the taxonomic 
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monthly structure within the odonate assemblage. No significant relationship was found 
between temperature and diversity or phylogenetic divergence. 


Comparison with other TDF regions 


Odonata species richness, recorded for the Dominguillo Region (50 species), was greater 
than reports from Aguililla, Michoacan (40) (Novelo-Gutiérrez and GOmez-Anaya 2008) and 
similar to reports from San Javier, Sonora (52) (Gonzalez-Soriano et al. 2009) and 
Pinolapa, Michoacan (51) (Novelo-Gutierrez and GOmez-Anaya 2008). However, they were 
lower than those from the Sierra de Huautla, Morelos (57) (Gonzalez-Soriano et al. 2008) 
and from Chamela, Jalisco (78) (Gonzalez-Soriano et al. 2004), which is the site with TDF 
as the dominant vegetation that has the largest number of species recorded to date in 
Mexico. 


The number of species that Dominguillo shares with these localities is variable, but the 
values are relatively close. Dominguillo shares 29 species (58%) with Aguililla and San 
Javier each, 32 species (64%) with Huautla and Pinolapa each and 28 species (56%) with 
Chamela. 


Discussion 


Dominguillo is located in the north-eastern part of the State of Oaxaca, in what is known as 
the Canada Region. It is part of the Tehuacan-Cuicatlan Biosphere Reserve, an interesting 
xerophytic area with a large proportion of endemic animal and plant species, but with poor 
knowledge on its odonate fauna. 


Compared to both Huautla and Chamela, the low species richness found in Dominguillo 
could be the result of sampling around a homogeneous aquatic habitat and in a more 
restricted area. The reduced number of species of important groups (e.g. Aeshnidae with 
only one species) also denotes this. In Dominguillo, the Rio de las Vueltas is an exposed 
rocky stream with a permanent water flow and few zones of lentic backwaters. In contrast, 
the presence of a dam in the vicinity of sampling sites in Huautla and the occurrence of 
remnant pools downstream from the dam during the dry season, facilitate the presence of 
more species associated with lentic habitats, which, in turn, contributes to the increase in 
the richness of the site (Gonzalez-Soriano et al. 2008). In relation to Chamela, although 
samplings were made at intermittent periods, they were carried out during the course of 
several years and included a wide array of habitats, such as coastal lagoons, swamps and 
temporal pools, all of which are very favourable for the species of the Coenagrionidae and 
Libellulidae families (Gonzalez-Soriano et al. 2004). In addition, Chamela is a well- 
preserved forest within the Chamela-Cuitzmala Biosphere Preserve. On the other hand, 
Dominguillo is located in an ecotone between TDF and xerophytic vegetation, which is a 
much drier area compared to the TDF located in Huautla and Chamela. 


A positive relationship between richness, diversity and precipitation has been found in 
other insect groups at this and other sites (e.g. Noguera et al. 2017). For instance, in 
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several groups of Coleoptera (e.g. Cantharidae, Cerambycidae, Lampyridae, Lycidae and 
Phengodidae) and Hymenoptera (e.g. Encyrtidae at some sites), the highest number of 
species coincides with the beginning or the middle of the rainy season (Noguera-Martinez 
et al. 2012, Rodriguez-Velez et al. 2009, Rodriguez-Velez et al. 2011). In contrast, in San 
Javier, Sonora and Huautla, Morelos, more species of Encyrtidae were recorded during the 
dry season (Rodriguez et al. 2010, Rodriguez-Velez and Wooley 2005). In San Javier, 
there is a visible peak of odonate adults during the wet season, but richness values in 
Huautla fluctuate throughout the year (Gonzalez-Soriano et al. 2008). 


In this study, the increase in both diversity and phylogenetic divergence of the odonate 
assemblage is apparently related to an increase in rainfall. Our results indicate that an 
increase in rainfall not only influences the distribution of abundance amongst species, but 
also the identity and/or the type of genera and/or families (i.e. the phylogenetic divergence) 
that constitute those temporal assemblages. When precipitation increases during the rainy 
season, the taxonomic distances amongst species also increase. During the wet season, 
high rainfall probably increases the availability of niches and resources (biotic and abiotic), 
which brings forth not only a higher number of taxa, but also allows the co-existence of 
taxa with more diverse ecological requirements. Taxonomic distinctness has been proven 
to be a highly useful index to evaluate the taxonomic structure of communities and 
assemblages in other odonates studies (Campbell and Novelo-Gutiérrez 2007). 


A close examination of the Dominguillo assemblage (Fig. 4) reveals that the monthly 
species composition of the community varies throughout the year. Therefore, the increase 
in phylogenetic divergence of the assemblage observed during the rainy season is due to 
the recruitment of taxa that were not present early during the dry season. For example, 
Archilestes grandis Rambur, 1842, Palaemnema domina Calvert, 1903, Phyllogomphoides 
danieli Gonzalez & Novelo, 1990, P suasus Selys, 1859 and Progomphus clendoni 
Calvert, 1905 are species that were observed only during the wet season. This sub-group 
alone results in the addition of four genera, three families and four subfamilies that were 
not recorded during the dry season. Additionally, Apanisagrion lais Brauer in Selys, 1876 
(Coenagrionidae) and Miathyria marcella Selys in Sagra, 1857 (Libellulidae) are two 
species belonging to unique genera within the study area that were recorded only during 
the wet season. All species of the “late spring/summer” group contributed significantly to an 
increase in the observed phylogenetic diversity during the wet season. 


At a local scale, studies in Mexico reveal that the variation in the seasonal composition of 
the assemblage observed in our study seems to occur also at other localities with TDF 
(Gonzalez-Soriano et al. 2009, Gonzalez-Soriano et al. 2008). For example, several 
species of Coenagrionidae (especially in the Argia genus) and Calopterygidae (Hetaerina) 
are active as adults throughout most of the year in Dominguillo, Huautla and San Javier. 
On the other hand, species of the Gomphidae family (except perhaps for Eroetogomphus, 
which appears to have a more extended flying period) and the Platystictidae family (at 
some sites) occurred as adults only during the wet season (see also Campbell and Novelo- 
Gutiérrez 2007 for another ecosystem). Kishimoto and Itioka (Kishimoto-Yamada and Itioka 
2015) mentioned that more long-term studies are necessary in order to understand the 
causes underlying seasonality in odonates. Here, we add that more inter-site comparative 
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studies will shed some light on understanding the causes for these variations at this and 
other Mexican tropical dry forests. Unfortunately, climate change predictions for the entire 
Tehuacan-Cuicatlan Preserve suggest increased aridity, higher temperature and lower 
rainfall leading to reduced river flow and increased salinity and mineralisation of the 
drylands streams, leading to a loss of aquatic macroinvertebrates' biodiversity (LOpez- 
Lopez et al. 2019). According to our results, we suggest that those changes in temperature 
and precipitation regimes will not only affect odonate abundance and species richness, but 
also taxonomic structures of the TDF odonate assemblages. 


Conclusions 


The odonate assemblage from Santiago Dominguillo, Oaxaca consists of six families, 26 
genera and 50 species. However, our data analysis suggests higher species richness in 
the region and, therefore, it would be interesting to extend the field work for a longer time in 
order to test this prediction. Dominguillo odonates did not show a significant relationship 
between abundance and richness with temporal variation in precipitation, which is opposite 
to that shown by other TDF insect assemblages. Nonetheless, both the monthly species 
diversity and the monthly phylogenetic diversity did show a significant relationship with 
temporal variation in precipitation. No significant relationship was found with temperature. 
In particular, the seasonal abundance pattern was different from those found in other TDF 
insects and more efforts should be made to explore their causes and associated factors. 
The high monthly phylogenetic diversity, registered during the rainy season, indicates a 
high variation in the temporal taxonomic composition within the odonate assemblage — a 
pattern that had not been recorded before in this order — and it might be related to 
ecological factors, such as competition amongst species. 


Odonate TDF assemblages have been poorly explored around the world, in spite of the 
threats to their habitats caused by diverse environmental changes and human activities 
(Campbell et al. 2010, Sanchez-Bayo and Wyckhuys 2019). Climate change is a factor 
affecting dryland streams in the semi-arid Tehuacan-Cuicatlan Biosphere Reserve, leading 
to a loss of aquatic macroinvertebrates diversity (LOpez-Lopez et al. 2019). Here, we 
suggest that both species richness and taxonomic structures of odonate assemblages will 
be affected by those changes. Therefore, a better understanding of their spatial and 
temporal patterns would be helpful to evaluate some of the most relevant threatening 
factors and to design and plan relevant conservation strategies. 


Acknowledgements 


To Alonso Ramirez (North Carolina State University) and Cheryl Harleston, who kindly 
reviewed the text and made invaluable suggestions to improve it. To Ethan Bright, Ben 
Price and an anonymous reviewer, who made invaluable suggestions to greatly improve 
the manuscript. Special thanks to Biol. Ubaldo Melo Samper (SIBA-UNIBIO, UNAM) for his 
great help with the database arrangement and managing and MSc Enrique Ramirez 


Patterns of richness, diversity and abundance of an odonate assemblage ... 17 


Garcia for providing some photographs. We wish to dedicate this work to our beloved 
friend Martin Leonel Zurita (R.I.P.), who also helped in the organization of the references. 


References 


° Banda RK (2016) Plant diversity patterns in neotropical dry forests and their 
conservation implications. Science 353 (6306): 1383-1387. https://doi.org/10.1126/ 
science.aaf5080 


° Buchwald R (1992) Vegetation and dragonfly fauna-characteristics and examples of 
biocenological field studies. Vegetatio 101: 99-107. https://doi.org/10.1007/BF00033195 
° Burquez A, Martnez-Yrizar A (2010) Limites geograficos entre selvas secas y 


matorrales espinosos y xerofilos: qué conservar? In: Ceballos G, Martnez L, Garca A, 
Espinoza E, Bezaury J, Dirzo R (Eds) Diversidad, amenazas y areas prioritarias para la 
conservacion de las selvas secas del Pacifico de México. Fondo de Cultura 
Economica-CONABIO, Mexico City, 53-62 pp. [ISBN Conabio 970-9000-38-1]. 

° Campbell WB, Novelo-Gutiérrez R (2007) Reduction in odonate phylogenetic diversity 
associated with dam impoundment is revealed using taxonomic distinctness. 
Fundamental and Applied Limnology 168 (1): 83-92. https://doi.org/ 
10.1127/1863-9135/2007/0168-0083 

° Campbell WB, Novelo-Gutiérrez R, Gomez-Anaya JA (2010) Distributions of odonate 
richness and diversity with elevation depend on winward or leeward aspect: implications 
for research and conservation. Insect Conservation and Diversity 3: 302-312. 
https://doi.org/10.1111/j.1752-4598.2010.00108.x 

° Carle FL, Kjer KM, May ML (2015) A molecular phylogeny and classification of 
Anisoptera (Odonata. Arthropod Systematics and Phylogeny 73 (2): 281-301. 

° Cervantes SL (1988) Intercepcidon de lluvia por el dosel en una comunidad tropical. 
Ingenieria Hidraulica en Mexico 2 (77): 5-17. 

° Chao A (2005) Species estimation and applications. In: Balakrishnan N, Read CB, 
Vidakovic B (Eds) Encyclopedia of Statistical Sciences. Second, 12. Wiley, New York, 
7907-7916 pp. https://doi.org/10.1002/0471667196.ess5051 

° Chao A, Wang YT, Jost L (2013) Entropy and the species accumulation curve: a novel 
entropy estimator via discovery rates of new species. Methods in Ecology and Evolution 
4: 1091-1100. https://doi.org/10.1111/2041-210X.12108 

° Chao A, Gotelli NJ, Hsieh TC, Sander EL, Ma KH, Colwell RK, Ellison AM (2014) 
Rarefaction and extrapolation with Hill numbers: a framework for sampling and 
estimation in species diversity studies. Ecological Monographs 84: 45-67. 
https://doi.org/10.1890/13-0133.1 

° Chao A, Wang YT, Hsieh TC, Chiu CH (2015) Online program SpadeR (Species- 
richness Prediction and Diversity Estimation in R). Program and User's Guide. 

URL: http://chao.stat.nthu.edu.tw/wordpress/software_download/ 

° Clarke KR, Warwick RM (1998) A taxonomic distinctness index and its statistical 
properties. Journal of Applied Ecology 35: 523-531. https://doi.org/10.1046/j. 
1365-2664.1998.3540523.x 

° Clarke KR, Warwick RM (1999) The taxonomic distinctness measure of biodiversity: 
weighting of step lengths between hierarchical levels. Marine Ecology Progress Series 


184: 21-29. https://doi.org/10.3354/meps184021 


18 


Gonzalez-Soriano E et al 


Clarke KR, Warwick RM (2001) A further biodiversity index applicable to species lists: 
variation in taxonomic distinctness. Marine Ecology Progress Series 216: 265-278. 
https://doi.org/10.3354/meps216265 

CONAGUA (Comision Nacional del Agua) (2020) Servicio Metereoldgico Nacional. 
Normales climatologicas para el estado de Oaxaca 1971-2000. Estacion 00020031 
Dominguillo. https://smn.conagua.gob.mx/es/informacion-climatologica-por-estado? 
estado=oax. Accessed on: 2020-7-20. 

Corbet PS (1999) Dragonflies: behaviour and ecology of Odonata. Cornell University 
Press, Ithaca, New York, 829 pp. [ISBN 978-0801425929] 

Corbet PS, Suhling F, Soendgerath D (2006) Volitinism of Odonata: a review. 
International Journal of Odonatology 9 (1): 1-44. https://doi.org/10.1080/1388 
7890.2006.9748261 

Cultid-Medina C, Escobar F (2019) Pautas para la estimacion y comparacion 
estadistica de la diversidad bioldgica (9D). In: Moreno CE (Ed.) La biodiversidad en un 
mundo cambiante: Fundamentos teoricos y metodoldgicos para su estudio. Universidad 
Autonoma del Estado de Hidalgo/Libermex, Mexico City, 379 pp. 

[ISBN 9786074825985]. 

Davies DA, Tobin P (1985) The dragonflies of the world: a systematic list of the extant 
species of Odonata. Vol. 2. Anisoptera. Societas Internationalis Odonatologica Rapid 
Communications Suppl 5: 1-151. 

Dijkstra KD, Kalkman VJ, Dow RA, Stokvis FR, Tol VJ (2014) Redefining the 
damselflies families a comprehensive molecular phylogeny of Zygoptera (Odonata). 
Systematic Entomology 39: 68-96. httos://doi.org/10.1111/syen.12035 

Garcia-Aldrete A, Ayala-Barajas R (2004) Artropodos de Chamela. Universidad 
Nacional Autonoma de Mexico, Mexico City, 227 pp. [ISBN 9703216072] 

Garcia E (1988) Modificaciones al sistema de clasificacion climatica de K6ppen. 
[Modifications to the Ké6ppen classification system]. 4th Ed. Offset Larios, Mexico City, 
219 pp. [In Spanish]. 

Gonzalez-Soriano E, Delgado-Hernandez O, Harp GL (2004) Libélulas de la Estacion 
de Biologia, Chamela, Jalisco (Insecta: Odonata). In: Garcia-Aldrete AN, Ayala R (Eds) 
Artropodos de Chamela. Universidad Nacional Autonoma de Mexico, Mexico City, 227 
pp. [ISBN 9703216072]. 

Gonzalez-Soriano E, Novelo-Gutiérrez R (2007) Odonata of Mexico: revisited. In: Tyagi 
BK (Ed.) Odonata: biology of dragonflies. Scientific Publishing, Jodhpur, India, 366 pp. 
[ISBN 978-81-7233-482-6]. 

Gonzalez-Soriano E, Noguera FA, Zaragoza-Caballero S, Morales-Barrera MA, Ayala- 
Barajas R, Rodriguez-Palafox A, Ramirez-Garcia E (2008) Odonata diversity in a 
tropical dry forest of Mexico, 1. Sierra de Huautla, Morelos. Odonatologica 37 (4): 
305-315. https://doi.org/10.22201/ib.20078706e.2009.002.622 

Gonzalez-Soriano E, Noguera FA, Zaragoza-Caballero S, Ramirez-Garcia E (2009) 
Odonata de un bosque tropical caducifolio: Sierra de San Javier, Sonora, Mexico. 
Revista Mexicana de Biodiversidad 80: 341-348. https://doi.org/10.22201/ib.20078706e. 
2009.002.622 

Gonzalez-Soriano E, Novelo-Gutiérrez R (2014) Biodiversidad de Odonata en Mexico. 
Revista Mexicana de Biodiversidad 85: 243-251. https://doi.org/10.7550/rmb.34716 


Patterns of richness, diversity and abundance of an odonate assemblage ... 19 


Hammer O, Harper DA, Ryan PD (2001) PAST: Paleontological statistics software 
package for education and data analysis. Palaeontologia Electronica 4 (1): 1-9. URL: 
http://palaeo-electronica.org/2001_ 1/past/issue1 01.htm. 

Hsieh TC, Ma KH, Chao A (2016) iNEXT: An R package for interpolation and 
extrapolation of species diversity (Hill numbers. Methods in Ecology and Evolution 7: 
1451-1456. https://doi.org/10.1111/2041-210X.12613 

Jaramillo-Lugue V, Gonzalez-Medrano F (1983) Analisis de la vegetacion arborea en la 
provincia floristica de Tehuacan-Cuicatlan. Boletin de la Sociedad Botanica de México 
45: 49-64. https://doi.org/10.17129/botsci.1298 

Jost L (2006) Entropy and diversity. Oikos 113: 363-375. https://doi.org/10.1111/j. 
2006.0030-1299.14714.x 

Kannagi A, Sivakumar V, Santhi V (2016) Diversity of dragonflies (Insecta: Odonata) in 
a deciduous forest of Thoothukuchi District, Tamil Nadu, South India. International 
Journal of Environmental Protection and Policy 4 (3): 58-63. https://doi.org/10.11648/ 
j.ijepp.20160403.13 

Kishimoto-Yamada K, Itioka T (2015) Have much have we learned about seasonality in 
tropical insect abundance since Wolda (1988)? Entomological Science 18: 407-419. 
https://doi.org/10.1111/ens.12134 

Lépez-Lopez E, Sedefo-Diaz JE, Mendoza-Martinez E, Gomez-Ruiz A, Martinez- 
Ramirez E (2019) Water Quality and Macroinvertebrate Community in Dryland Streams: 
The Case of the Tehuacan-Cuicatlan Biosphere Reserve (México) Facing Climate 
Change. Water 11 (7): 1-23. [In English]. https://doi.org/10.3390/w11071376 

Magurran AE (1988) Ecological Diversity and Its Measurement. Princeton University 
Press, New Jersey, 215 pp. https://doi.org/10.1007/978-94-015-7358-0 
Martinez-Hernandez JG, Corona-Lopez AM, Flores-Palacios A, Rés M, Toledo- 
Hernandez VH (2019) Seasonal diversity of Cerambycidae (Coleoptera) is more 
complex than thought: evidence from a tropical dry forest of Mexico. PeerJ 7 
https://doi.org/10.7717/peerj. 7866 

Miles L, Newton A, DeFries RS, Ravilious C, May I, Blyth S, Kapos V, Gordon JE (2006) 
A global overview of the conservation status of tropical dry forests. Journal of 


Biogeography 33 (3): 491-505. https://doi.org/10.1111/j.1365-2699.2005.01424.x 
Mooney H, Bullock S, Medina E (1995) Introduction. Seasonally Dry Tropical 


Forests1-8. https://doi.org/10.1017/cbo9780511753398.001 

Noguera F, Ortega-Huerta M, Zaragoza-Caballero S, Gonzalez-Soriano E, Ramirez- 
Garcia E (2009) A faunal study of Cerambycidae (Coleoptera) from one region with 
tropical dry forest in Mexico: Sierra de San Javier, Sonora. The Pan-Pacific 
Entomologist 85 (2): 70-90. https://doi.org/10.3956/2009-04.1 

Noguera FA, Zaragoza-Caballero S, Chemsak JA, Rodrguez-Palafox A, Ramrez-Garca 
E, Gonzlez-Soriano E, Ayala R (2002) Diversity of the Cerambycidae (Coleoptera) of 
the tropical dry forest of Mexico. |. Sierra de Huautla, Morelos. Annals Entomological 
Society of America 95: 617-627. https://doi.org/ 
10.1603/0013-8746(2002)095[0617:DOTFCC] 2.0.CO;2 

Noguera FA, Chemsak JA, Zaragoza-Caballero S, Rodriguez-Palafox A, Ramirez- 
Garcia E, Gonzalez-Soriano E, Ayala R (2007) A faunal study of Cerambycidae 
(Coleoptera) from one region with tropical dry forest in Mexico. Pan-Pacific 
Entomologist 83 (4): 296-314. https://doi.org/10.3956/2007-14.1 


20 


Gonzalez-Soriano E et al 


Noguera FA, Ortega-Huerta MA, Zaragoza-Caballero S, Gonzalez-Soriano E, Ramirez- 
Garcia E (2017) Species richness and abundance of Cerambycidae (Coleoptera) in 
Huatulco, Oaxaca, Mexico; Relationships with phenological changes in the tropical dry 
forest. Neotropical Entomology 47 (4): 457-469. https://doi.org/10.1007/s13744- 
017-0534-y 

Noguera-Martinez FA, Zaragoza-Caballero S, Rodriguez-Palafox A, Gonzalez-Soriano 
E, Ramirez-Garcia E, Ayala R, Ortega-Huerta M (2012) Cerambicidos (Coleoptera: 
Cerambycidae) del bosque tropical caducifolio en Santiago Dominguillo, Oaxaca, 
Mexico. Revista Mexicana de Biodiversidad 83 (3): 813-822. https://doi.org/10.7550/ 
rmb.25088 

Novelo-Gutiérrez R, GOmez-Anaya JA (2008) A comparative study of Odonata (Insecta) 
assemblages along an altitudinal gradient in the sierra de Coalcoman Mountains, 
Michoacan, Mexico. Biodiversity and Conservation 18 (3): 679-698. https://doi.org/ 
10.1007/s10531-008-9533-y 

Ochoa V (2001) Geomorfologia, clima y vegetacion del Valle de Tehuacan-Cuicatlan 
Puebla-Oaxaca. Facultad de Ciencias, Universidad Nacional Autonoma de Mexico, 
Mexico City, 88 pp. 

Oksanen V, Blanchet G, Kindt R, Legendre P, Minchin PR, O’Hara RB, Simpson GL, 
Solymos P, Stevens MH, Wagner H (2015) vegan: community ecology Package. R 
package version 2.3-0. URL: http://cran.r-project.org/ 

Paulson D (2006) The importance of forests to neotropical dragonflies. In: Rivera AC 
(Ed.) Forest and dragonflies. Pensoft Publishers, 299 pp. [ISBN 9546422789]. 
Rodriguez JM, Rodriguez-Velez B, Zaragoza-Caballero S, Noguera-Martinez FA, 
Gonzalez-Soriano E, Ramirez-Garcia E (2010) Diversidad de Encyrtidae 
(Hymenoptera: Chalcidoidea) recolectada con trampas Malaise en el bosque tropical 
caducifolio de San Javier, Sonora, Mexico. Revista Mexicana de Biodiversidad 81: 
813-822. https://doi.org/10.22201/ib.20078706e.2010.003.651 

Rodriguez-Velez B, Zaragoza-Caballero S, Rodriguez JM (2009) Diversidad de 
Encyrtidae (Hymenoptera: Chalcidoidea) y otras familias de Hymenoptera obtenidas 
con trampas Malaise en el bosque tropical caducifolio de la region de Huatulco, 
Oaxaca, Mexico. Revista Mexicana de Biodiversidad 80: 709-719. https://doi.org/ 
10.22201/ib.20078706e.2009.003.167 

Rodriguez-Velez B, Zaragoza-Caballero S, Noguera F, Gonzalez-Soriano E, Ramirez- 
Garcia E, Rodriguez-Palafox A, Ayala R (2011) Diversidad de avispas parasitoides de 
la familia Encyrtidae (Hymenoptera: Chalcidoidea) del bosque tropical caducifolio en 
San Buenaventura, Jalisco, México. Revista Mexicana de Biodiversidad 82 (3): 
836-843. https://doi.org/10.22201/ib.20078706e.2011.3.696 

Rodriguez-Vélez B, Wooley JB (2005) La fauna de la familia Encyrtidae (Hymenoptera: 
Chalcidoidea) en el bosque tropical caducifolio de la Sierra de Huautla, Morelos, 
Mexico. Folia Entomologica Mexicana 44: 147-155. httos://doi.org/10.22201/ib. 
20078706e.2011.3.696 

Rzedowski J (1991) Diversidad y origenes de la flora fanerogamica de Mexico. Acta 
Botanica Mexicana 14: 3-21. httos://doi.org/10.21829/abm14.1991.611 
Sanchez-Azofeifa GA, Quesada M, Rodriguez JP, Nassar J, Stoner K, Castillo A, 
Garvin T, Zent E, Calvo-Alvarado J, Kalacska MR, Fajardo L, Gamon J, Cuevas-Reyes 
P (2005) Research priorities for Neotropical dry forests. Biotropica 37 (4): 477-485. 


https://doi.org/10.1046/j.0950-091x.2001.00153.x-i1 


Patterns of richness, diversity and abundance of an odonate assemblage ... 21 


° Sanchez-Bayo F, Wyckhuys KG (2019) Worldwide decline of the entomofauna: A review 
of its drivers. Biological Conservation 232: 8-27. https://doi.org/10.1016/j.biocon. 
2019.01.020 

° Trejo | (2010) Las selvas secas del Pacifico Mexicano. In: Ceballos G, Martnez M, 
Garca A, Espinoza E, Bezaury-Creel J, Dirzo R (Eds) Diversidad, amenazas y areas 
prioritarias para la conservacion de las selvas secas del Pacifico de México. Fondo de 
Cultura Econdmica/CONABIO, Mexico City, 59 pp. [ISBN 978-6077607311]. 

° Warnes GR, Bolker B, Bonebakker L, Gentleman R, Huber W (2012) Package ‘gplots’. 
URL: http://cran.r-project.org 

° Warwick R, Clarke K (1995) New ‘biodiversity’ measures reveal a decrease in 
taxonomic distinctness with increasing stress. Marine Ecology Progress Series 129: 
301-305. https://doi.org/10.3354/meps129301 

° Wolda H (1988) Insect seasonality: Why? Annual Review of Ecology and Systematics 
19 (1): 1-18. https://doi.org/10.1146/annurev.es.19.110188.000245 

° Zaragoza-Caballero S, Noguera FA, Chemsak JA, Gonzalez-Soriano E, Rodriguez- 
Palafox A, Ramirez-Garcia E, Ayala R (2003) Diversity of Lycidae, Phengodidae, 
Lampyridae and Cantharidae (Coleoptera) in a tropical dry forest region in Mexico: 
Sierra de Huautla, Morelos. Pan-Pac Entomologist 79 (1): 23-37. https://doi.org/ 
10.1603/0013-8746(2002)095[0617:DOTFCC]2.0.CO:2 


Supplementary materials 


Suppl. material 1: Specimen Database [EI 


Authors: Enrique Gonzalez-Soriano and Ubaldo Melo-Samper 

Data type: Excel sheet 

Brief description: This file contains the database of specimens of Odonata from Santiago 
Dominguillo, Oaxaca, Mexico and from which the information used in the analyses presented was 
extracted. 

Our records are deposited in the database of the Biological Collections at the Institute of Biology, 
National Autonomous University of Mexico (UNAM) and available through the |Bdata Portal 
developed by that institute at: http:/Awww.ibdata.ib.unam.mx/web/web-content/admin-queryfilter/ 
queryfilter.pbhp The records are also available through the Portal de Datos Abiertos, UNAM at: http 
s://datosabiertos.unam.mx/ 

Download file (258.01 kb) 


Suppl. material 2: Dictionary of database fields ET} 


Authors: Enrique Gonzalez-Soriano and Ubaldo Melo-Samper 

Data type: Excel sheet 

Brief description: This file contains the description of the fields used in the Odonata database, 
following the DarwinCore standard. 

Download file (34.77 kb) 


